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EFFECT OF MIXING TIME ON QUALITY OF 
CONCRETE PRODUCED IN LARGE MIXERS 

BY THE DIVISION OF MANAGEMENT, BUREAU OF PUBLIC ROADS 

Reported by WILLIAM A. BLANCHETTE, Highway Engineer 

Public Roads at two concrete central-mixing plants 
to determine the effect of the length of the mixing 

time on the uniformity of distribution of the ingredients 
and on the strength of the concrete as mixed in large- 
capacity mixers. The grinding of the aggregates during 
the mixing action was also studied. 

These studies show that the mixers did not distribute 
the materials uniformly throughout the batch; the 
degree of uniformity of distribution of materials was 
not changed by changes in mixing time from 1 to 4 
minutes; and such changes in mixing time did not 
materially affect the strength. Increases in mixing 
time increased the amount of grinding of fine aggregate. 

Sronten have been conducted by the Bureau of 

TESTS AT PLANT 1 DESCRIBED 

The tests at plant 1 were made with a stationary no. 
84—S mixer, 96 inches in diameter and 78 inches long and 
revolved 10.5 times per minute. The proportions of 
the aggregate by dry weight were as follows: 

Pounds 

(Sement seen ene rng aes kg ee mee 0 
AEITLOMAP RTOS LOn tera mee wee A wee a 4, 495 
Gparee arerevatec 25 2 oe Se ee da 6, 403 
Prone WAC so 4s eee SE 1, 162 
INDSOLDCOLWaALCI=e ieee eee ee = et ue 100 

These quantities gave a batch with an absolute 
volume of 94 cubic feet. 

The sand used as fine aggregate was analyzed as 
follows: 

Sieve number: Sy 

A Ee cee ene Fe ee) Se eA 4.0 
Che 2 ee Sy) Vee Ee ee Rees Lees ere 18. 9 
qi Whe cake page, Seem Eye ee, ene oe 32. 9 
BAe 5 a IN ls Payee aid ie irae oes ee 51. 4 
AS eee ene ee re ks 82. 4 
KL os ag ee ae ee A eee 96. 0 

The coarse aggregate consisted of two sizes of gravel 
combined to give the following analysis: 

F Percent 
Sereen opening: retained 

PRUSUTAY Ve's olga ee 0. 0 
De COS eae eee re ee SS es, 0. 0 
VAAN O(G Olina So tm Oe eae nS ep a ae oe 35. 3 
LAGTND pe ned ee Re a ae ee ae 73. 9 
ACG PNG: AS Es Se SE I el ee ees ee ee 96. 5 

Strength specimens were cured in a moist room and 
broken at 28 days. Beams were broken by 3-point 
loading, 1 break being obtained on each beam. 

In the tests at plant 1 batches of concrete were 
sampled after being mixed for 1, 2, 3, and 4 minutes. 
Samples from 5 different batches were obtained for 
each mixing time with the exception (0) es: minutes. 
Six batches were sampled after 3 minutes of mixing. 
As each batch of concrete was being discharged from 
the mixer, three 200-pound samples were obtained; one 
at the beginning of the discharge, one in the middle, 
and one at the end of the discharge period. From a 200- 

91027—34—1 

pound sample, one slump test was made, one 30-pound 
sample was analyzed to determine the proportion of 
each ingredient contained in it, and two 6- by 12-inch 
cylinders and one 6- by 6- by 21-inch beam were made. 
This made 3 uniformity tests, 6 cylinders and 3 beams 
for each batch or a total of 15 umformity tests, 30 
cylinders and 15 beams for each of the 1-, 2-,and 4-minute 
mixing periods and 18 uniformity tests, 36 cylinders and 
18 beams for the 3-minute mixing period. 

ANALYSES TO DETERMINE COMPOSITION OF SAMPLES REQUIRE 
CAREFUL PROCEDURE 

Conclusions as to the uniformity of distribution of 
materials were reached by determining the content of 
cement, water, fine aggregate and coarse aggregate in 
the 30- pound samples on a percentage basis and com- 
paring them with the corresponding percentages for the 
batch as a whole. Materials for the batch as a whole 
were accurately weighed and variations of the coarse 
and fine aggregates from the limiting no. 4 and no. 100 
sieves determined. The reasons for the latter deter- 
minations will appear in the following paragraphs. 

The percentages of materials in a 30-pound sample of 
concrete were determined as follows. The sample of 
wet concrete was first weighed in air and then in water. 
The sample was then placed in a special washing 
machine! which washed out the cement and other 
material passing the no. 100 sieve and separated the ag- 
eregate into fine and coarse material by a no. 4 sieve. 
The fine and coarse aggregate were each weighed 
in water and after applying several correction factors 
the dry weight of coarse aggregate and dry weight of 
fine aggregate and cement were determined by the fol- 
lowing formula: 

Dieaceer ae materia] =e eific eo weight 

Specific gravity —1 

The factors referred to were corrections on account 
(1) the grinding of aggregate in mixing, (2) material in 
the coarse aggregate (as weighed for the whole batch) 
finer than the no. 4 and no. 100 sieve, and (3) material 
in the fine aggregate (as weighed for the whole batch) 
coarser than the no. 4 sieve and finer than the no. 100 
sieve. The correction for aggregate finer than the no. 
100 sieve was necessary since the material washed 
through the no. 100 sieve after being corrected for aggre- 
gate content (including that resulting from grinding) 
was considered as the cement content of the sample. 

The difference between the weight of the immersed 
sample and combined weights of immersed aggregate, 
after proper correction gave the immersed weight of 
cement. 

The difference between the weight of the sample in air 
and the dry weights of cement, fine aggregate, and coarse 
aggregate gave the amount of water in the sample. 

1 Washing Machine Designed for Use in Determining Constituents of Fresh 
Concrete, PUBLIC ROADS, vol. 13, no. 9, November 1932. 
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METHOD OF DETERMINING CORRECTION FACTORS FOR THE 
GRINDING ACTION DESCRIBED 

It was found that grinding may or may not take 
place during the mixing of a batch. The extent of 
orinding is probably affected by some or all of the fol- 
lowing ‘factors: Type and gradation of both fine and 
coarse aggregate, proportion of each in mix, number of 
revolutions of mixer drum, ratio of capacity of mixer 
drum to volume of batch, and the mixing action in the 
drum including the amount of drop of the aggregates. 
There is no simple method by which the amount of 
crinding that takes place during the mixing of a batch of 
concrete ¢ ‘an be determined with precision. Even though 
the entire mixed batch could be analyzed to determine 
the amount of material finer than the no. 100 sieve, cor- 
rections must be made for the amount of each ingredient 
passing this sieve before the mixing. These corrections 
are not exact since they are based on samples that are 
only a small part of the ingredients in the batch. 

Grinding is indicated w hen analyses of samples show 
consistently a greater amount of cement (material 
passing no. 100 sieve) in the samples after mixing than 
is indicated by the batch proportions, proper allowance 
being made for the aggregate passing the no. 100 sieve 
before mixing. Where grinding was indicated, tests 
were made to determine the percentage of both coarse 
and fine aggregate so reduced in size during the mixing 
action that it passed the no. 100 sieve. 

Coarse aggregate and water in the same relative 
proportions as in the batches being saan were 
placed in the mixer. At the end ola 28 8 ands 
minutes of mixing 30-pound samples were removed 
from the mixer and washed in the washing machine. 
The percentage of aggregate passing the no. 100 sieve 
was determined. The test was repeated using fine 
ageregate and water and again using fine aggregate, 
coarse aggregate, and water. Several determinations 
were made with each combination. These tests showed 
that with coarse aggregate and water there was no 
appreciable grinding for any mixing period used. The 
same was true for the fine ageregate and water mixture. 
For the fine and coarse aggregate and water mixture 
the amount of aggregate passing the no. 100 sieve, in 
excess of that passing before mixing, was appreciable 
and increased with the length of the mixing period. 

These facts indicate that the mixer drum acts as a 
ball mill. Particles of sand are pulverized by the 
particles of coarse aggregate falling on them. There 
appeared to be no pulverizing of the fine particles of 
coarse aggregate by the larger particles and there 
appeared to be no wearing away of either aggregate due 
to friction with the drum, blades, and buckets. 

As a further check in establishing the amount of 
grinding the following procedure was followed. The 
analysis of every sample of concrete showed the per- 
centage variation (plus or minus) of the cement, fine 
and coarse aggregate and water from the original pro- 
portions of each of these ingredients. The complete 
analysis of all samples for all mixing periods showed a 
consistent plus variation for what was called cement, 
and a consistent minus variation for fine aggregate. 
There was no evidence that the coarse aggregate was 
ground up to pass either the no. 4 or no. 100 sieves. 
From the average of all variations in cement and all 
variations in fine aggregate for each mixing period, the 
apparent gain in cement due to grinding of fine agere- 
gate was computed for each mixing time. Correction 
factors as computed in this manner checked closely with 

those determined as previously outlined. The average 
of the factors determined by both methods was then 
applied in recomputing the variations in all samples. 

VARIATIONS IN UNIFORMITY FOUND IN ALL BATCHES 

Table 1 contains the results of tests for uniformity of 
mix. This table shows the proportions of each ingre- 
dient that went into each batch sampled, the propor- 
tions of each ingredient found by analysis to be con- 
tained in each 30-pound sample of concrete removed 
from each batch, and the percentage variation in the 
proportion of each ingredient in each sample from the 
proportion of the corresponding ingredient in the batch 
as a whole. Variations above the actual batch propor- 
tion are shown as plus and variations below the actual 
batch proportion are shown as minus. ‘The percentage 
variations shown in table 1 are summarized in table 2 
which shows for all samples under each mixing time, 
the maximum individual plus and minus variations, the 
average plus and minus variations and the average of all 
variations regardless of sign. Figure 1 shows graph- 
ically the percentage variations in the proportions of 
materials as shown in table 1. Figure 2 shows the per- 
centage variations computed for assumed samples each 
composed of the three samples taken from a batch. 

Lack of uniformity in the distribution of the ingre- 
dients in each batch of concrete is shown by the data 
in the tables and diagrams. Had the mixing action 
resulted in a homogeneous mixture in which the mate- 
rials were uniformly distributed throughout the batch, 
all samples would have contained materials in the same 
proportions as were used in charging the mixer. The 
results show that homogeniety did not exist in any 
batch of concrete tested. The summary in table 
indicates that increasing the mixing time had no con- 
siderable effect in improving the uniformity of dis- 
tribution of the ingredients. There is practically as 
great a lack of uniformity in the 4-minute concrete as 
there is in the 1-minute concrete. 

Variations in the proportions of the ingredients in 
the different parts of the same batch were as high as 
18 percent in some batches. Maximum spreads in the 
proportions in different parts of a group of batches for 
a given mixing time were from 10 to 24 percent. The 
spread between the average plus and average minus 
values for a given material r ranged from 3 to 12 percent. 
The averages of all variations for a given material and 
mixing time and disregarding signs as shown in table 2 
range from 1.6 to 5.7. 

STRENGTH NOT IMPROVED BY INCREASING MIXING TIME FROM 
1 TO 4 MINUTES 

Table 3 gives the results of the strength tests. It 
shows the slump of the concrete in each sample, the 
compressive and flexural strength of individual speci- 
mens made from each sample, the average strength of 
all cylinders and beams made from each batch for each 
mixing time, and the percentage variation in the 
strength of every specimen from these averages. It 
shows the spread from the maximum indiy idual to the 
minimum individual strength for both compression and 
flexure. ‘Table 4 is a summary of the strength results, 
and shows the maximum and minimum individual 
strengths, the maximum spreads, and the average 
strengths of all specimens for each mixing time. Fig- 
ures 3 and 4 show graphically the compressive and 
flexural strength, respectively, for the individual speci- 
mens made from each sample for each batch. 



owe 

wren 

a a ee el we 4 

Oe 

Novem ber 1934 Mea eee ROADS 219 

TABLE 1.—Results of tests for uniformity of mix at plant 1 

Computed pro * omputed p gig hee ee based on propor Proportions 30-pound sample by dry weight 

is = Percentage variations in 
: sample from  propor- 

= . Water re of original mate- 

ine ‘oarse x ‘ Fine Coarse ria 
Cement | aggregate | aggregate << | Cement | ageregate | aggregate | Net water 

Batch No. Net | Absorbed s 
r-6) to 

= r a : = 
ee = oy | 2 = ' ; 
Se Steele hae lee [oe er tsatie ty Salas | ey seal oleae lh. tse! . la | ae |e lS 
= aq AB lag Ser a |o6 ae lag A = =e S| oe ql Bq a ae = a “alos os 
Ae SOS es CRO le EDI US epee oe of Baie | Sees Ses sy | sos | 8 | ees | eS ec |ot!] Zu] & 
Soc sears ho sess hea s aM eed Slee Ss (PSs (SR) 8) BER) Be hs 

enon es oe raw ere hl By Pd Bp bon beta LEU me he my dP By Lom tee be pe 
. | | | | | | 

Min. £ | | | | A 3.56; 11.9} 9.79] 32.6) 14.08) 47.0) 2.35 7.8] —5.8| +1.5) +1.5! —5.6 
§_. 1 3.78} 12,6) 9.65) 32.1) 13.87} 46.3) 2.49/ 8.3! 0.21 0.7\); B 3.96] 13.2) 9.52) 31.8) 13.89) 46.3) 2.41 8.0) +4.8] —1.3} +0.1] —3.2 

| C 3.65} 12.2) 9.01] 30.1) 14.86] 49.5} 2.25) 7.5) —3.4| —6.6] +7.1] —9.6 
a | | | A 3.66] 12.2) 10.47) 34.9) 18.35) 44.5) 2.31 7.7; —2.7| +7. 6} —3.0) —8.7 

ae | 1 SarOl) ke.o| “Dest tee. 18 7) 45.9] 2.53 8.4 21 Aid yy 133 3.61] 12.0) 10.62) 35.4) 13.20) 44.0} 2.36 7.9) —4.0) +9.1 4.1| —6.7 
| | | | C 3.71; 12.4) 10.62) 35.4! 13.10} 43.6) 2.36 7.9) —1.3} +49. A et Sh fare 
| =f | | | A 3.97; 13.2} 9.00} 30.0) 14.51] 48.4} 2.30} 7.7) +4. 2) —6.6) +4.3] —5.3 

eee = 2 1 3.81} 12.7] 9.64) 32.1) 13.91) 46.4) 2.43 8. 1} 21 .7\), B 3.71| 12.4) 9.31) 31.0) 14.43) 48.1) 2.33 7.8) —2.6) —3.4) +3.7) —41 
lc 4,03} 13.4! 9.35] 31.2! 14.08] 46.9! 2.39! 7.8! -+-5.8) —3.0! 41.9] —4.5 

| | | A 4.45) 14.8) 9.53] 31.8] 13.30) 44.3] 2.51 8. 4/-+18. 7) —2.8) —3. 1} —0. 4 
i Ty Sifal 125) 29) 80 82.71 18.72)" 45.7) 959; 8. 4 21 7\) B 4.19) 14.0} 9.60} 32.0) 13.50) 45.0) 2.50) 8.3/+11.7/ —2.0) —1.6) —0.8 

| | C 412) 13.7) 9.50) 31.7) 13.64) 45.5) 2.53 8.4) +9. 9] —3. 1) —O. 6} +40. 4 
Al | | A 3.68) 12.3) 10.31) 34.4) 13.45) 44.8) 2.35 7.8) —2.9| +7.4}| —3.0} —7.1 

1 il 3.79} 12.6) 9.60} 32.0} 13.87) 46 3] 2. 53 8.4 21 Realy) 3.80| 12.7) 10.46) 34.9) 13.11) 43.7] 2 42) 8.1) +078) =9..0) —5..6) —4.3 

| lc | 3:76 125] 9.75] 32.5] 13.91] 46.4/ 236] 7.9| —0.8| —0.1| +0.3| —6.6 
5 j A 3.47} 11.6] 9.34] 31.1) 14.42) 48.1) 2.55 8.5| —8.0| —3.7 +4.7| -+0. 4 

cx. 2 3.77| 12.6) 9.70} 32.3] 18.77) 45.9] 92.54 8 5) 22 1) P 3.65} 12.2) 9.69) 32.3) 13.83) 46.1) 2.61 8.7) —3. 2) —0. 1 0. 4) --2..8 
} 

| A | 3.67] 12.2] 10.45] 34.8] 12.89] 43.0) 2.78] 9.3} —2.1] +8.5] —6.0] +3.0 
a 2 Sto], Leo ONOslebe. Lisa 45.7 270) 693.0 ral Sidi 3.51] 11.7) 10.12) 33.8) 13.42) 44.7) 2.74] 9.1) —6.4) +5.1) —2.1) +1.5 

Cc 3.68] 12.3] 10.16} 338.9) 138.17] 43.8] 2.78 9.3} —1.9) ++5. 5| =3. 9) --3. 0 
| A 3.99} 13.3) 9.51) 31.7) 18.74] 45.8! 2.54] 8.5! +6.1] —1.7] —0.2) —1.9 

tee se = a 2 3.76] 12.5) 9.67) 32.3) 18.77) 45.9) 2.59 8. 6) 21 7\) B 3.85) 12.8); 9.21) 30.7) 14.18] 47.3) 2.54 8.5} +2.4) —4.8) +3.0) —1.9 

| C 3.99) 18.3) 9.66} 32.2) 18.51] 45.0] 2.63 8.8) +6.1) —0.1) —1.9] 41.5 
| | | A Bob} lea LOLL 7 38.9) doaS8o) 46) 210-2538 8. 0}—10. 6) +3. 6) +0.4] —0.4 

ee SS || 2 3.77) 12.6} 9.82) 32.7) 13.80) 46.0) 2.39} 8.0} .22 Ty 8 3.36] 11.2] 10.24) 34,2) 13.81} 46.0} 2.37 7. 91—10. 9} +4. 3} +0.1) —0.8 

| | C 3.37} 11.2] 10,24) 34.2) 13.75) 45.8) 2.42 8. 1)—10. 6} +4. 3} +0.4] +1.3 
| A oOo e222) 9761) B21) 14d 472) 2. 35 7.8) —3.4) —0.4} +38.1/—10.0 

Ohl, = 2 3.78] 12.6) 9.65) 32.2) 13.75) 45.8) 2.61 Ss TAL tae etdhy 23 3.85} 12.8] 10.04] 33.5) 13.42) 44.7) 2.48 8.3} +1.9] +4.0) —2.4| —5.0 
| C 3.83) 12.8) 9.57) 31.9} 13.90} 46.3] 2.48 8.3) +1.3) —0.8] +1.1]) —5.0 
A 3. 56] 11.9) 9.70) 32.3] 14.07] 46.9) 2.45 8.2) —85. 1| —0.2) --1. 7) —1.2 

3. os 3 3.75) 12.5] 9.72) 32.4) 13.83) 46.1) 2.48) 8.3 22 Thy 183 3.90] 138.0) 10.49) 35.0) 12.74) 42.4) 2.67 8.9) +4.0) +7.9) —7.9| +7.7 
| | C 3.79} 12.6] 8.96) 29.9) 14.68) 48.9) 2.35 7.8) +1.1) —7.8} +6.1) —5.2 

| A 3.78, 12:6) 9:83) 32.7) 13.85) 46.2) 2.32 7.7| —1.0} —0.3} +0. 2) +1.3 
loo 3 3.82! 12.7) 9.86] 382.9) 13.82) 46.1] 2.29 7.6 21 “AR Vane: 3.99) 18.3) 9:75) 32.5) 13.62) 45.3) 2.43 8.1) +4.5] —1.1] —1.4] +6.1 

| | | C 3.52) 11.7) 9.24) 30.8) 14.78) 49.3) 2.23 7.4) —7.8| —6.3} +6.9} —2.6 
| | A 4.01} 13.3) 9.18) 30.6) 14.18) 47.3] 2.41 8.0) +5.8) —4.7| +2.1) —2.8 

‘a 3 3.79) 12.6) 9.63) 32.1) 13.89) 46.3) 2.48; 8.3] . 21 aris 02183 4.18} 13.9] 8.83) 29.4) 14.35) 47.8) 2,48 8. 1/+10. 3] —8. 3) +3.3} —2.0 
| | C Sy8ol W2x8i) Oncol) ol. dl) 14.19) 4723) 2541 8.0} +1.6) —3.1 2. 2| =—2.8 
| | A 4.10) 13.7) 9.29) 381.0] 18.95] 46.5] 2.44 8.1) +7.9) —4. 4) +0.6) +1.2 

1 3 3.80} 12.7| 9.72) 32.4] 18.86) 46.2) 2.41 8.0) . 21 7, B 4,12} 13.7) 9.37] 31.2} 13.96) 46.5] 2.33 7.9| +8. 4) —3. 6} -+0. 7) —3.3 
| | | C 3.71| 12.4) 8.91) 29.7) 14.84) 49.4) 2.32 7, @) =2:4) —833) +7. LU) =3. 7 

| A 3.62} 12.1) 9.85) 32.8) 13.91) 46.3) 2.40 8.0} —3. 5} +0.6] +1.6) —5.9 
{?). .  —a 3 3. 75} 12.5) 9.79) 32.7) 13.69} 45.6) 2.56) 8.5 att nay & 3.61} 12.0) 9.73] 32.4) 14.04; 46.8} 2.40) 8.0} —3.7)/ —0.6) +2.6) —5.9 

! C 3.59} 12.Q) 9.65) 32.2) 14.13) 47.1} 2.41 8.0) —4.3) —1.4) +3.2| —5.9 
A 3.41] 11.4] 10.33) 34.4) 13.63} 45.3] 2.42 8.2) —9, 8) +6.6) —1.7} —16 

La eee 3 3.78} 12.6} 9.69] 32.3) 13.86) 46.2) 2.46 8. 2! 21 71, B 3.33} 11.1) 9.89) 33.0) 14.21) 47.3) 2.35 7.8|—11.9 2. 1) -+2. 5) —4.5 
Cc 3.46! 11.5) 9.86! 32.9) 14.15) 47.2) 2.31 7.7) —8. 5) +1.8 2.1} —6.1 
A 3.90] 18.0) 9.34] 31.1) 14.22) 47.3] 2.32 fal 2,9] —4, 9) +3.0) —2.1 

Oy es Seg 4 3.79} 12.6} 9.82) 32.8) 13.80) 46.0) 2.37 7.9 AZo Zp, 33 3.87} 12.9} 9.59} 32.0) 14.00) 46.7} 2.32 bth 2, MW 2.3) =F. 4) —2) 1 
C 3.82) 12.7) 9.69) 32.9] 13.89] 46.3) 2.6C} 8.7) +0.8) —1.3) +0.7| +9.7 

| A 3.77| 12.6) 9.66) 32.2} 13.80} 46.0] 2.55 8.5 0.0) +-0. 7) -+0. 4) —5.9 
oo 4 Sara L260 OLS 70 rsL..9! dees 45n8 227 9.0 21 71) B 3.80) 12.7) 9.74) 32.5) 138.68) 45.6) 2.57 8. 6} +0. 8} +1.8) —0.4| —5. 2 

| C 3.87]; 12.9) 9.60) 32.0) 13.70) 45.7; 2.62} 8.7) +2.7) +0.3) —0.3) —3.3 
A 3.54} 11.8) 10.39} 34.6] 18.21) 44.0) 2.65 8.8) —5.1) +7.3) —3. 4) —1.5 

i 2 4 3.73] 12.4] 9.68] 32.3] 13.67) 45.6) 2.71 9.0 21 71, B 3.45} 11.5} 10,15) 33.8) 13.60) 45.3) 2. 59 8.6] —7. 5} +4.9) —0. 5) —4. 4 
C 3.46} 11.5) 9.73) 32.4) 14.01) 46.7) 2.58 8.7) —7.2| +0. 5) +2.5| —4.8 
A 4.29] 14.3] 8.86) 29.5) 14.01) 46.7} 2.63 8. 8/13. 2) —9. 0) +0. 9}4-10. 5 

WS i eae 4 3.79] 12.6) 9.74) 32.5] 13.88) 46.3] 2.38 7.9 21 .71) B 4.31) 14.4) 8.77] 29.2) 14.09) 47.0) 2.62 8. 7/13. 7/—10. 0} +-1. 5}+-10. 1 
C 3262) 12.0) 91/66) 3252) 13.98] 46:6) 2.52 8.4) —4. 5) —0.8) +0.1) +5.9 
A 3.88} 12.9) 8.51) 28.4) 14.88) 46.3) 2.51 8.4) +0. 8|/—10. 7) +6.4] +3.4 

2 ee 4 3.85) 12.8) 9.53) 31.8] 13.98) 46.6) 2.48) 8.1 521 i} B 3.94} 13.1) 8.86} 29.5) 14.39] 48.0) 2.60 8.7) --2.9| —7.0 2.9) =-7,0 
€ 4.07; 138.6) 9.07) 3.02] 13.99) 46.6) 2.65 8.8) --5. 7) —4. 8] +-0. 1) +9:0 

In considering the strength results it should be 
remembered that different batches of concrete were 
used for each mixing time, and that there was some 
variation in the proportions of the ingredients in the 
different batches as constant weights were used and 
no correction was made for moisture in the aggregates. 
Lack of uniformity in the distribution of the ingredients 
in the concrete, may have produced considerable varia- 
tion in the proportions of the ingredients in the strength 
specimens. 

Since variations in batch proportions existed for all 
batches and since the uniformity results show no 
considerable difference in the lack of uniformity for any 
mixing time, study of the effect of the length of the 
mixing time on the strength of concrete will be based 
on the spread in strengths and the average strength of 

all test specimens for each of the four mixing periods. 
Table 4 contains the data for this comparison. The 
average compressive strength of all specimens for the 
l-minute mixing time is 3,590 pounds. The corre- 
sponding strength for the 4-minute mixing time is 
3,738 pounds, an increase of 148 pounds or 4 percent. 
The significance of this small increase however is mini- 
mized by the fact that the spreads in strength from maxi- 
mum to minimum for individual breaks, range from 
1,220 to 1,700 pounds for the four mixing times, and 
by the fact that the average strength of the 2-minute 
concrete is less than that of the 1-minute concrete 
and the average strength of the 3-minute concrete is 
greater than that of the 4-minute concrete. 

The average flexural strength for the 1-minute con- 
crete is 518 pounds. The corresponding strength for 
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TaBLE 2.—Summary of variations of proportions of ingredients in 
samples from actual batch proportions in tests at plant 1 

Mixing time in minutes 
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the 4-minute concrete is 553 pounds, an increase of 35 
pounds or 7 percent. The spread in strengths however 
is between 91 and 145 pounds for the four mixing times, 
and the average strength of the 2-minute concrete is 

greater than the strengths for the other mixing times. It 
seems reasonable to conclude from these results that the 
length of the mixing time between 1 and 4 minutes, had 
no considerable effect on the strength of the concrete. 

FINE AGGREGATE GROUND BY ACTION IN MIXER 

At plant 1, grinding of the aggregate took place 
during the mixing. The grinding of the coarse aggre- 
gate to pass the no. 100 sieve was negligible. The 
grinding of the fine aggregate was appreciable and 
increased with the mixing time. Determination was 
made of the amount of sand passing the no. 100 sieve 
in the material before mixing and also of sand ground 
up in mixing so that it passed the no. 100 sieve. 
Determinations were made for the 4 regular mixing 
periods and for extended mixing periods up to 70 
minutes. The results are shown in table 5. 

This table shows that the length of the mixing time 
had a marked effect on the gradation of the fine aggre- 
gate. The increase in the amount of fine aggregate 
passing the no. 100 sieve with increased mixing time 
does not increase the strength of the concrete. 

Designs of concrete mixtures are based in part on 
the gradation of fine aggregate and, if this gradation 
is changed by grinding, the concrete produced will not 
represent the design. Increasing the length of the 
mixing time presents the possibility of producing harm- 
ful effects on the gradation and on the resulting concrete. 

ew poe 
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TABLE 3.—Results of strength tests at plant 1 

| | Cylinders Beams 

Per Per- 
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TABLE 3.—Results of strength tests at plant 1—Continued 
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TaBLe 3.—Results of strength tests at plant 1—Continued 
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Per Per- 
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FigurRE 3.—CoMPRESSIVE STRENGTHS AVERAGED BY BATCHES 
FOR ALL BATCHES AT PLANT 1. 
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Figure 4.—FLEXURAL STRENGTHS AVERAGED BY BATCHES FOR 
ALL BatcHEs AT PLANT 1. 

TaBLEe 4.—Summary of strength test results at plant 1 

COMPRESSIVE STRENGTH 

Maximum | Minimum | Maximum) Average 
Mixing time individual | individual spread strength 

Pounds per | Pounds per | Pownds per | Pounds per 
Minutes square inch | square inch | square inch | square inch 

i IS pregiee os ART See et ees Set oe ge 4, 2, 980 1, 340 ; 
0 Gn oe ae nee eae re aii 4, 380 2, 680 1, 700 3, 576 
Bee eee ete ee Ree ep ceed an 4, 490 3, 270 1, 220 3, 957 
E WEAR gS SK AS ee BOT ES 6S 4, 360 3, 040 1, 320 3, 738 

FLEXURAL STRENGTH 

561 470 91 518 
619 480 139 570. 
619 474 145 558 
608 481 127 553 

Tas Le 5.—Percentage of sand passing the no. 100 sieve 

Mixing time in minutes: 
Percentage of 
sand passing 

SCOnoononco 

STUDIES MADE AT A SECOND PLANT 

A series of studies were made at a second plant using 
a stationary no. 126-S mixer. The drum was 108 
inches in diameter, 90 inches in length and was revolved 
11 times per minute. 

The proportions by dry weight of the average batch 
were as follows: 

Fine aggregate 
Coarse aggregate 
Neét water! “2 les £25 hee 
Absorbed water 

Pounds 

These quantities produced a batch with an absolute 
volume of 140 cubic feet. 

The sand used as fine aggregate was analyzed as 
follows: 

Sieve no. 4 
Sieve no. 
Sieve no. 
Sieve no. 
Sieve no. 
Sieve no. 

Percentage 
retained 
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EQUIPMENT AT PLANT 

Gravel was used as coarse aggregate. Two differ ent 
sizes were used, one having a maximum size of 1Y 
inches and the other a maximum size of three- onrrhe 
inch. ‘These gravels were used, each in different series 
of tests. Their gradations were as follows: 

| Maximum ee 

Screen opening eae 74 inch, inches, | percentage | .ocentace 

retained praised 

UMS al UG oY Se iS oy Ba ae RS ee al Oe ek Pe ee ee ee i 0 0 
Poin & Pee ee ee One el eee, abe are et ss eet 16 65 
Ba-iGh eee eer een on ee Ses See ee eet ee 72 90 
Skt Rtn dap ak one eee nS ate aa: 98 98 

In general the procedure followed at plant 2 was 
different from that followed at plant 1. One set of 
batches was used for the uniformity tests and another 
set of batches was used for the strength tests. Both 
the strength and uniformity tests were divided into 
two series, one in which the maximum size of coarse 
aggregate was 1% inches, and one in which the maximum 
size of coarse BETO ALG was three-fourths inch. The 
mixing periods were 1, 2, 3, and 4 minutes. 

TESTS AT PLANT 2 SHOW LACK OF UNIFORMITY FOR ALL MIXING 
TIMES 

In the uniformity tests a different batch of concrete 
was used for each mixing period. After a batch had 
been mixed for a given time it was discharged from the 
mixer and samples were taken by intercepting the flow. 
Five 30-pound samples were taken, the first at the 
beginning of the discharge, the last near the end of 
the discharge and the three intermediate samples were 
obtained at uniform intervals of time during the 
discharge. The samples were analyzed and_ the 
proportions determined and compared with the pro- 
portions of the batch before mixing in the same manner 

INOwele 

as in the tests at plant 1. Three batches with *;-inch 
coarse aggregate and three with 1/-inch coarse aggre- 
gate for ‘each of the four mixing periods were analyzed. 
This involved the analysis of fifteen 30-pound samples 
for each mixing period for each size of coarse aggregate. 

The results of the tests for uniformity of mix are 
shown in table 6. The data in this table correspond 
with that in table 1 for the uniformity studies at plant 
1. Table 7 summarizes the percentage variations 
contained in table 6, and corresponds with the data in 
table 2 for plant 1. Figures 5 and 6 show graphically 
the percentage variations in the proportions of cement, 
fine ageregate, coarse aggregate and water in each 
sample Temoved from each batch from the proportions 
of the corresponding ingredients in the batch from 
which the samples were removed. Figure 7 shows the 
percentage variations computed for assumed samples, 
each composed of the five samples taken from a batch. 

The tables and figures mentioned above show a con- 
sistent lack of uniformity in the samples taken at plant 
2. Variations in the proportions of the ingredients in 
different parts of the same batch were higher than 20 
percent in some batches. Maximum spreads in the pro- 
portions in different parts of a group of batches for a 
given mixing time were from 8 to 40 percent. The 
spread between the aver age plus and the average minus 
values for a given material ranged from 4 to 18 percent. 
The average variation in the proportion of each ingre- 
dient from the actual batch proportion was between 2.1 
and 8.8 percent, as shown in table 7. An analysis of 
these data indicates that the length of the mixing time 
had no considerable effect on the uniformity of f distri- 
bution of the ingredients. 

TESTS AT PLANT 2 SHOW NO APPRECIABLE GAIN IN STRENGTH 
WITH INCREASE IN MIXING TIME 

Samples for Seats tests were obtained from a given 
batch after 1, 2, 3, and 4 minutes of mixing by inserting 
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Tasie 6.—Results of tests for uniformity of mix at plant 2 

CONCRETE WITH %-INCH COARSE AGGREGATE 

Proportions of 30-pound sample by dry weight 
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TABLE 6.—Results of tests for uniformity of mix at plant 2—Continued 

CONCRETE WITH 14-INCH COARSE AGGREGATE—Continued 

Cor t = 
npn “Eis ie ora ene based on propor Proportions of 30-pound sample by dry weight 

ees Percentage variations in 
sample from propor- 

Water a of original mate- 
1 Fine Coarse a Fine Coarse ria 
Cement iS) Cement Net water 

aggregate aggregate TS aggregate aggregate - 
eee Net Absorbed | § 

o a 

= q q q q q ES | 8 q : ' q ke 
4 p= es el in Bh Ae uo] Site Sate An len Wo do a 
aa Me} = eU ses} YT re -U os Pee} = 2 i) _ eT ~~ Peres ~_ YT at <7 ao ss a 

e |23| 8 |S3| 8 |S3| 8 |Ss| 8 |S8| 8 | & | S8| 8 |S8| 8 18] 8 |S] 8] = | 28] 28] F ee eae aesieat tees 8 | st) ek ieet|eal se leates beats) 8 |e) 2b).s 
s | a |e a | a | a |e ala le a |e a |e a |e Oe Ae et ee 4 

A 3.46) 11.5) 9,58) 31.9) 14.14] 47.2) 2.73 9.1] +2.4) +.4) +.6) —6.8 
Min. B 3.76) 12.5) 10.29) 34.3] 12.98} 43.3) 2.88) 9. 6/+11.2) +7.9| —7.7| —1.7 

ES Ee ORR 2} 3.38) 11.3) 9.54) 31.8] 14.06} 46.8) 2.93 9.8 . 09 al i 3.55) 11.8] 10.35) 34. 5) 13.16] 43.9) 2.85 9. 5} +5. 0} +8. 5) —6.4) —2.7 
D 3.61) 12.0] 10.39] 34.6] 13.04] 438.5] 2.87 9. 6} +6. 8] +8.9| —7. 3] —2.0 
E 3.77) 12.6] 10.26] 34.2] 12.99) 43.3) 2.89 9. 6] +9. 2 7. 5| —7.6| —1.4 
A 4.01] 13.4) 9.16) 30.5) 13.83) 46.1) 2.91 9. 7|+18. 3} —4.5| —1.4) —.3 
B 3.317 11.0) 9.08) 30.3] 14.80) 49.3) 2.72 9.1) —2.4| —5. 3] +5. 5) —6.2 

VS 3} 3.39} 11.3) 9.59) 32.0] 14.03} 46.7) 2.90) 9.7 . 09 -3ly C 3.73) 12.4) 9.00) 30.0] 14.41] 48.1) 2.77 9. 2/4-10. 6} —6.1 2.8) —4.5 
D 3. 76} 12.5) 9.24) 30.8] 14.09) 47.0) 2.82 9. 4-+10. 9} —3.6| +.4] —2.8 
E 3.71] 12.4) 8.94) 29.8) 14.47} 48.2) 2.80) 9.3) +9.4| —6.8! +3.1) —3.4 
A 4.67} 15.6} 9.13] 30.4) 13.39) 44.6] 2.72 9. 1)+37.7| —5.9| —5. 6) +3.0 
B 38.20) 10.7) 9.27) 30.9) 14.76) 49.2) 2.68) 8.9) —5.6] —4.1) +4.1) +1.5 

WEE ES ee ae 3} 3.39} 11.3] 9.70) 32,3) 14.18) 47.3] 2.64 8.8 . 09 AGihy Ae: 3.33} 11.1) 9.74) 32.5) 14.11) 47.0) 2.74; 9.1) —2.1) +.1) —.5) +3.8 
D 3.42} 11.4) 9.74) 32.5) 14.03} 46.7) 2.72) 9.1) +.9| +.4) —1.1]) +3.0 
E 3.49} 11.6} 9.16} 30.5) 14.50} 48.3) 2.76) 9.2) +2.9| —5.6 2.3} +4.5 
A 3. 68} 12.3) 10.75) 35.8] 12.66) 42.2) 2.82) 9.41 —4.3} —.1] +1.2! —2.8 
B 3.64) 12.1) 11.23) 37.4] 12.16] 40.0] 2.87} 9.6) —5.3) +4.4| —2.8) —1.0 

Le aaa 3] 3.74) 12.5] 10.76] 35.8] 12.51) 41.7) 2.90) 9.7) .09 .3/) C 3.64} 12.1) 11.25) 37.5) 12.10} 40.4) 2.91 9.7) —5.3| +4.6) —3.3]) +.3 
D 3.36} 11.2) 11.25) 37.5) 12,43] 41.5] 2.86 9. 5|—10. 2} +4.6] —.6| —1.4 
E 3.51) 11.7) 10.75) 35.8) 12.83) 42.8) 2.82) 9.4) —6.1] —.1 2.6] —2.8 
A 3.70) 12.3) 7.94) 26.5) 15.90) 53.0) 2.37 7.9) —.8) —9.4|) +5.9) —2.1 

| B 8.63] °12.1) 8.54) 28.5].15.37) 61.2) 2.37; 7.9) —2.1) —2.4 2.44 —2.1 
= oe 4| 3.72! 12.4) 8.75) 29.2) 15.01] 50.0) 2.42 8.1 -10 ial) © 3.82} 12.7) 8.77) 29.2) 14.76} 49.2) 2.57 8.6 2.41 +.2! —1.7| +6.2 

D 3.90} 13.0} 9.30) 31.0} 14.14 slip ee OG) 8.6] +4. 6] +6.3) —5. 8] +6. 2 
E 3.87) 12.9] 9.10} 30.3) 14.36) 47.9} 2.58) 8.6) +3.8] +4.0} —4.3] +6.6 
A 3.87] 12.9) 8.90). 29.6) 14.51) 48.4) 2.64 8.8) +3.8) -+.7| —2.7| +8.6 
B 3.52} 11.7) 8.78) 29.3) 14.98) 49.9) 2.63 8.8] —5.6) —.7) +. 5] +8.2 

A ee oe 41 3.73] 12.4] 8.84] 29.5] 14.91) 49.7) 2.43 8.1 . 09 .3l) C 3. 58} 11.9) 8.74) 29.1) 15.04) 50.2) 2.55) 8.5) —4.0] —1.1) +.9) +4.9 
D 3. 74, 12.5} 8.90) 29.6) 14.65; 48.8] 2.63) 8.8) -++.3) +. 7] —1.7/ +8.2 
E 3.90} 13.0) 9.37) 31.2) 13.90} 46.4) 2.74 9.1] +4. 6] +6. 0) —6. 8/412. 7 
A 3.78) 12.6! 8.36] 27.9] 15.27) 50.9) 2.50) 8.3] +1.1) —3.4) 41.9) —1.2 
B 3. 83} 12.8) 8.68] 28.9) 14.83} 49.4) 2.58) 8.6] +2.4) +.3) —1.1) +2.0 

59 Ob See ee is 4| 3.74) 12.5) 8.65] 28.8) 14.99) 50.0) 2.53 8.4; .09 aay Le 3.84) 12.8) 8.68] 28.9) 14.81] 48.4) 2.59) 8.6) +2.7) +.3) —1.2) +2.4 
D 3. 96] 13.2! 8.99) 30.0) 14.36] 47.8) 2.60) 8.7| +5.9) +3.9) —4. 2) +2.8 
E 3.71; 12.4} 8.06] 26.9) 15.62) 52.0) 2.52) 8.4) —.8) —6.8) +4.2) +.4 

TaBLE 7.—Summary of variations of proportions of ingredients in Strength specimens were cured in moist sand and 
samples from actual batch proportions in tests at plant 2 were broken at 28 days. Beams were broken as can- 

tilevers, two breaks being obtained from each beam. 
iMinch gravel | Len batches with %-inch gravel and 10 with 1%-inch 

eravel were peeled permitting 20 compression tests 
34-inch gravel 

peered Kind of variation Mixing time in minutes and 20 flexure tests for each mixing period for each size 
_— | of aggregate. 

lee Wee eAwtet eee: ag |\ed Table 8 shows the results of the strength tests in 
—} —|—| —!-—| || — detail. Table 9 is a summary of the strength results 
Per- | Per- | Per- |Per- |Per- |Per- |Per-|Per- | and shows data corresponding to that in table 4 for 
nt loos aed line Incr (ies 7 {eo | plant 1. Figure 8 shows graphically the compressive Maximum individual plus__!12.4 |20.3 |21.1 fee 9 31.7 : yee . 

C t PASVOTADO DIS let eee a see ees oe 6.0| 7.0] 5.1 26 13.4 | 6.5 {13.0 |] 3.2 “PF 3 
aaa Pi Average minus. 3.1/3.5] 3.2) 44/48) 40/52) 27 made from each batch for each mixing time. 

Average plus and minus, dis- | 4. : : ‘ : : ; : 4 HG : s 4s 
regarding sign. ale There was some variation in the proportions of the 

Maximum individual plus..| 3.5/| 6.2 |-—-.- 2.2} 2.4) 8.9/4.6) 6.3 | ingredients in the different batches of concrete. This 
Maximum individual minus_|13.9 | 8.3 [12.4 | 5.7 |10.6 /11.1]6.8] 9.4 ; 3 é 

pan Average plus_.__..--------- 2.0) 3.1)...|11]17/ 58/28) 2.5 | was the result of the use of constant weights in batching 

Average plus end minus dis- tilssleii2i|s3/eo|37| 31 rae no pears for peu M Poeiare ee 
regarding sign 

Mae tnan individual plus..14.1 | 6.9 |11.4| 7.21 9.9 li.1|5.5| 5.9 | Ue aggregates. sing the data of table 9 as a basis for 
Maximum individual minus. 3.1) 5.7 | .1/ 46 | 94] 77 | 9.6] 6.8 determining the effect of the length of the mixing time 

Gravel... A Yerage minus 222 222| 18] 29| 1/28/39] 65/22) 33|0n the strength of the concrete, the following results 
a eta 3.2] 3.3] 3.8] 27/4.8]5.5/2.5) 3.0] are shown: 
regarding sign. 

Maximum individual plus..| 5.1} 4 1.9) 1.8] 1.8 | 5.8 | 4.5 | 12.7 The average compressive strength of concrete with 
Maximum individual minus_| 9. : t ; ; ! : . 3/ ee Al Averege lis. <= a a2 17| .8|13|12]16]26|27| 53| “inch aggregate, mixed for 4 minutes, is 197 pounds 

“|| Avereze minus _----------| 4.6/4.4) 3.4135) 52/33)/28/ 181 or 9 percent higher than the corresponding strength of 
Average plus and minus, dis- | 3.3 | 3.8 | 2.7] 2.6] 4.7]2.9|] 2.8] 5.0 i. 

regarding sign. the 1-minute concrete. The average compressive 
—— |strengths increase with the mixing time. The spread 

in strengths for the four sets of specimens is between 
an auxiliary chute into the drum at the end of each of | 520 and 1 ,040 pounds. 

| these mixing periods. A sample weighed approximately The average compressive strength of the 4-minute 
| 150 pounds and was used to make two 6- by 12-inch | concrete with 14-inch aggregate is 118 pounds or 5 

cylinders and one 6- by 21-inch beam and one slump test. | percent higher than the corresponding strength of the 
| 91027—-34———_2 
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BATCH NO. 6-U T-U 10-U I-U 2-U 9-U 3-U 4-U HI-U 8-U 12-U 13-U 

MIXING TIME | MINUTE 2 MINUTES 3 MINUTES 4 MINUTES 

FicuRE 5.—PERCENTAGE VARIATIONS OF MATERIALS IN SAMPLES FROM Batcu Proportions As Founp IN Tests Usine %4-INCH 
GRAVEL AT PLANT 2. SAMPLES FROM HAcH BatcH ARRANGED IN OrpER A, B, C, D, ann E. 

TasLE 8.—Results of strength tests at plant 2 

CONCRETE WITH %-INCH COARSE AGGREGATE 

1-minute mixing 2-minute mixing 38-minute mixing 4-minute mixing 

Batch No. 1 
Compres- : Compres- ¢ Compres- ‘ Compres- f 

Slump sive oe Slump sive phage Slump sive Et cee es Slump sive ae 
strength ng strength gee strength : Bt strength G 

Pounds per | Pounds per Pounds per | Pownds per Pounds per | Pounds per Pounds per Pounds per 
Inches | square inch | square inch | Inches | square inch | square inch | Inches | square inch | square inch | Inches | square inch | square inch 

US Rio ay eee eee ver" , 436 7 2, 410 529 7% f 519 7 2, 380 455 
2, 350 455 2, 320 520 2, 220 528 2, 440 478 

A Verages So - stare ses areas 2, 260 445 2, 365 §24 2, 205 523 2, 410 467 

) OS pee oe Ae a a. 6% 2, 310 426 414 2, 690 422 , 7% 2, 550 449 6 2, 400 385 
2, 510 482 2, 640 461 2, 370 435 2, 550 454 

AV@IAG6. Jo -2eseo eee 2, 410 454 2, 665 442 2, 460 442 2, 475 420 

Oacsei dp aeeseeG aeeeu es 2 eee) ee ee |e ee ee 6% 2, 410 438 634 2, 400 454 7% 1, 790 428 
2, 320 482 2, 260 422 1,910 423 

Averages: <-oescs A! | ee eee ee oe 2, 365 460 2, 330 438 1, 850 425 

Be Jc ee ee eee 6 2, 150 442 6 2, 330 451 6 2, 570 424 6 2, 430 486 
2, 160 449 2, 130 486 2, 380 495 2, 640 474 

A-verage: {assess See ee 2, 155 446 2, 230 468 2, 475 460 2, 535 480 
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TABLE 8.—Results of strength tests at plant 2—Continued 

CONCRETE WITH %-INCH COARSE AGGREGATE—Continued 

1-minute mixing 2-minute mixing 3-minute mixing 4-minute mixing 

Batch No. 5 ] bgt 
ompres- aa Compres- eye Compres- Tae Compres- - Slump ARaS oom Slump Sod Flexural Slump aioe F lexural Slump sivd Flexural 

strength streng strength strength strength strength strength strength 

Pounds per | Pownds per Pounds per | Pounds per Pounds per | Pounds per Pounds per | Pounds per 
Inches | square inch | square inch| Inches | square inch | square inch | Inches | square inch | square inch | Inches | square inch | square inch 

a. Ea es ee ae ee ae 614 2, 210 528 8 2,6 390 6% 2, 420 456 6 2, 390 417 
2, 400 448 2, 100 476 2, 340 444 2, 510 469 

ea oe ee 2, 305 488 2. 240 433 2, 380 450 “2, 450 | 443 

1 2s Soe See ae a ei 8 2, 050 546 816 2,160 | _ 482 734 2, 340 520 7 2, 230 476 
1, 980 530 2, 150 479 2, 350 502 2, 350 478 

AVOTAU OS 2 aeese fae 1, 990 538 2, 155 481 2, 345 511 2, 290 477 

Rie Se eee 7 2, 500 521 334 2, 250 505 a 2, 380 510 36 2, 630 446 
2, 490 530 2, 140 538 2, 390 §21 2, 690 496 

AVO@LA2Os coccesace-sesen= 2, 495 525 2, 195 522 2, 385 515 2, 660 471 

ii} Se, Se a em 8 2, 310 481 9 2, 350 468 84 2, 090 402 634 2, 830 395 
2, 420 463 2, 470 411 2, 410 427 2, 690 455 

PANVOPAGOS ce = an an orae en - + 2, 365 472 2, 410 440 2, 250 415 2, 760 425 

(ee ae eS ae Rs ff 1, 980 513 84 1, 940 410 74 2, 190 440 54 2, 270 455 
2, 010 (531 2, 170 466 2, 050 468 2, 390 437 

IN VOLAPO eee none acca skew 1, 995 522 2, 055 438 2, 120 454 2, 330 446 

0)... a Ee eee 84 1, 940 382 834 1, 980 418 8lo 2, 230 430 vi 2,310 458 
1. 890 434 1. 950 464 2. 160 426 2. 310 496 

A VOTASOL Scope uh oea she 1,915 408 1, 965 441 2, 195 428 2, 310 477 

Grand average_-.-------- 2, 210 477 2, 265 465 2, 315 464 2, 407 453 

CONCRETE WITH 14-INCH AGGREGATE 

he a ee 834 1, 780 513 84 2, 290 487 84 2, 210 433 8 2, 480 427 
2, 130 448 2, 230 545 2, 190 473 2, 280 453 

PAV GLACO ts aa asoaseacacee 1, 955 481 2, 260 516 2, 200 453 2, 380 440 

Posey ie eae ee 5 oo | Ege ES ate eet r= ee 61 2, 430 447 634 2, 390 450 6 2, 520 479 
eee aS 483 2, 510 493 2, 520 440 

Agana 2 Se ae eS rh cee ge eae ae ere 2, 430 465 2, 450 471 2, 520 460 

2 ee 7% 3, 210 490 534 2,770 500 5% 3, 090 490 434 3, 020 524 
3, 140 559 2, 640 475 3, 060 507 3, 020 472 

SA VOLAL Geen eck Ne te 3, 175 524 2, 705 488 3, 075 498 3, 020 498 

Sn ia et ee nm 8 2, 230 485 8 2, 290 424 7 2, 460 530 534 2, 570 394 
2, 110 462 2, 410 477 2, 670 449 2, 520 445 

PAtvericou= = eee esae 2, 170 473 2, 350 451 2, 565 490 2, 545 420 

it 3s Se ae ee 3 8 2, 500 480 i144 2, 690 453 74 2, 810 442 fle 3, O10 459 
2, 560 451 2, 720 612 8, 080 523 2,970 474 

Average ____-- _ 2, 530 465 2, 705 483 2, 920 482 2, 990 447 

Le ee eee Ls 614 2, 710 467 7 2, 950 480 74 2,910 488 6% 2, 87 in 464 
2, 680 465 2, 890 432 2, 750 471 2, 950 464 

ANVOTAC OE le ee teeta. 2, 695 466 2, 920 506 2, 830 478 2, 910 464 

0 Ide ee ee ae a 814 2, 630 482 714 2, 780 463 614 2, 440 485 334 2, 870 367 
2, 770 457 2, 550 493 2, 610 473 2,410 473 

IEA Ge hae Se ee 2, 700 470 2, 665 478 2, 525 479 2, 640 420 

Ne ee pS Se a en ee ee 614 3, 110 530 8 2, 450 459 616 2, 630 423 54 2, 790° 502 
3, 320 515 2, 620 463 2, 790 513 2, 840 497 

tA VORA @ 33.8 = oaks ata 3, 215 §22 2, 535 461 2, 710 468 2, 815 500 

TS aes 2 a Be ae eee eS 54 2, 960 468 534 2, 440 458 6 2, 470 433 434 3, 050 396 
3, 240 511 2, 940 463 2, 780 473 3, 240 462 

IA VOPATO ne oe aoa seed. 3, 100 490 2, 690 460 2, 625 453 3, 145 429 

TLCS SN ae peeks ee ee 9% 1, 730 408 9 2,170 471 8 2, 460 443 86 2, 030 467 
1. 850 461 2. 090 483 2. 470 476 2. 230 449 

AUV OLAS Oe een an 1, 790 434 2, 130 477 2, 465 460 2, 180 458 

Grand average_---------- 2, 592 481 2, 545 478 2, 636 468 2, 710 455 
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Fraure 6.—PERCENTAGE VARIATIONS OF MATERIALS IN SAMPLES FROM BATCH PROPORTIONS AS FouND IN Tests Using 1%4-INcH 
GRAVEL AT PLANT 2. 

1-minute concrete. With the exception of the 2-minute 
concrete the average compressive strengths increase 
with the mixing time. The spread in strengths for these 
four sets of specimens is between 860 and 1,590 pounds. 

The average flexural strength of the 4-minute concrete 
with %-inch aggregate is 5 pounds or 24 percent lower 
than the corresponding strength of the 1-minute concrete. 
These average flexural strengths decrease as the mixing 
time increases. The spread in strengths for these four 
sets of specimens is between 111 and 164 pounds. 

The average flexural strength of the 4-minute con- 
crete with 1! (inch aggregate 1s 26 pounds or 5 percent 
lower than aie corresponding strength of the 1-minute 
concrete. These average flexural strengths decrease as 

SAMPLES FROM EHAcH Barco ARRANGED IN ORDER A, B, C, D, anno E 

the mixing time increases. The spread in strengths 
for these four sets of specimens is between 107 and 157 
pounds. These results indicate that the length of 
the mixing time had no appreciable effect on the strength 
of the concrete. 

LESS GRINDING OF FINE AGGREGATE IN TESTS AT PLANT 2 

The grinding of the coarse aggregate during the mix- 
ing action so that it passed the no. 100 sieve was negli- 
gible. The amount of fine aggregate passing the no. 
100 sieve before entering the mixer and the amount of 
fine aggregate passing this sieve after the concrete 
had been mixed for each of the four mixing periods are 
shown below. 

air 

rw 

T— 

24+ eer 
« 
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EQUIPMENT AT PLant No. 2. 
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Figure 7.—PERCENTAGE VARIATIONS OF MATERIALS FROM BAatcH PROPORTIONS COMPUTED FOR ASSUMED SAMPLES COMPOSED 
oF Five SAMPLES FROM Hacu Batcu. 

TABLE 9.—Summary of results of strength tests at plant 2 

CONCRETE WITH %-INCH AGGREGATE CONCRETE WITH 14-INCH AGGREGATE 

| Compressive strength Flexural strength 

Mixing time | yrayj aie ee rey 
: faxi- | Mini- Roe Maxi- | Mini- -: 

(minutes) {mum | mum | Maxi) aver- | mum | mum aes Aver- 
indi- | indi- spread | %8@ indi- | indi- spread| 8° 
vidual | vidual vidual | vidual 

‘ Pounds| Pounds| Pounds| Pounds| Pounds| Pounds| Pounds| Pounds 
per per per per per per per per 

square | square | square | square | square | square | square | square 
inch inch inch inch inch inch inch inch 

‘il i ee 2, 510 1, 890 620 2, 210 546 382 164 477 
Fp Si ae Paid 2, 690 1, 940 750 2, 265 538 390 148 465 
a ee eee 2, 570 2, 050 520 2, 315 528 402 126 464 
eee ee 2,830 | 1,790} 1,040] 2,407 496 385 111 453 

Compressive strength 

Mixing time 
(minutes) eee ae 

indi- | indi- 
vidual | vidual 

Pounds | Pounds 
per per 

square | square 
inch inch 

ere ee nae eee 3,320} 1,730 
Nap teen Se oe! 2,950 | 2,090 
CR ee? ee 3, 090 2, 190 
Jog pare 3, 240 2, 030 

Flexural strength 

- Maxi- | Mini- 
oor Aver- | mum j mum 
spread age indi- indi- 
P vidual | vidual 

Pounds | Pounds | Pounds |Pounds 
per per per per 

Square | square | square | square 
inch inch inch inch 
1,590 | 2, 592 559 408 

860 2, 545 545 424 
900 2, 636 530 423 

1, 210 2, 710 524 367 

Maxi- 
mum 
spread 

Pounds 
per 

square 
inch 

151 
121 
107 
157 

Aver- 
age 

Pounds 
per 

square 
inch 

481 
478 
468 
455 
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Pee 2. The degree of uniformity of distribution of the 
Mixing time in minutes: no. 100 sieve ingredients is not materially changed by changes 

' Be oes ste ee ee eee i 8 in the mixing time from 1 to 4 minutes. 
Su, ee a er Spee See ea ee Eh eee eee hy o . . . 

oS eat eo Cee bY 2 pee 2 9 3. The length of the mixing time between 1 and 4 
LMS OP 5 ee ae Ow lead al hes ht 2 Ba minutes appears to have little effect on the 
ee er See Os ey ee oe 6.0 strength of concrete as mixed in standard, re- 

CONCLUSIONS volving drum, batch mixers. 

The following conclusions are based on the results of 
these tests: 

ce Standard, revolving drum, batch mixers do not 
mix concrete SO that the cement, ageregates, and 
water are uniformly distributed throughout all 
parts of the batch. 

Standard, revolving drum, batch mixers act as a 
ball mill in reducing the size of particles of the 
fine aggregate. 

The amount of grinding of fine aggregate so that 
it passes the no. 100 sieve increases with the 
length of the mixing time. 



Fihdsleles, IES iis) (OF COTTON MATS FOR 
CURING CONCRETE 
BY THE DIVISION OF TESTS, 

In the report on the studies of the use of cotton mats 
for curing concrete pavements, which was published in 
the July 1933 issue of Pustic Roaps, it was suggested | 
that mats of the type described might be effective as a | 
protection against freezing during sudden drops of air 
temperature such as occur overnight at certain seasons 
of the year. 

During the past winter several sets of observations 
were made at the Arlington Experiment Farm which | 
throw some light upon the effectiveness of cotton mats 
of various thicknesses when used for this purpose. 

A number of small 6-inch concrete slabs were cast 
with their upper surfaces level with the surface of the 
ground. In the center of the upper surface of each 
slab a copper constantan thermocouple was embedded 
at a depth of one-fourth inch. One of these slabs was 
left uncovered while others were covered with cotton | 
filled mats of the following weights: 

ADpPEroxi- 
mate werght 
of cotton 
filler in 

ownces per 

Designation: square yard 
TMA a cots er Na ee ASI my 8 ee a cea 10 
P) ees ee Wek i otis es SB a Ee Tone 30 
(GL Ta EASED SALON FOr pa een ee ee ee 60 
iD» Be ee se bee BR eo es Se ee 90 
(Li ceee pat me Se ees Bem sye, Sate Ine Cy ma aT 110 
LER. 2 aN taps Ue ee tne 9 a a ee 170 

COTTON MATS GIVE EFFECTIVE PROTECTION DURING SHORT 

FREEZING PERIODS 

The mats were made of cotton fiber held in place 
between sheets of loosely woven covering cloth by 
stitching or tying. The mats designated as D, E, and 
F were the 3-, 6-, and 9-ply mats referred to in the 
previous report. 

The slabs were 3 feet square and the covering mats 
were made 5 feet square in order that they might extend 
beyond the slab edges and thus avoid the possibility of a 
circulation of air between the mats and the concrete 
slabs. 

In addition to the slabs covered with the cotton-filled 
mats, and the bare slab for comparative purposes, one 
slab was covered with a double thickness of dry burlap, 
one with 2 inches of dry earth, and one with 4 inches of 
dry loose straw. Apparatus was placed to determine 
the temperature of the subgrade 12 inches below the 
bottom of the bare slab. 

The data obtained during three periods of observa- 
tion at times when relatively large drops in temperature 
occurred are shown in figures 1 to 4, inclusive. The 
air temperature fell below 32° F. on only one of these 
occassions. Figures 1 to 3 show the temperature cycles 
of the air, the subgrade, the bare slab, the straw-covered 
slab, and the slabs covered with the lightest and heaviest 
weights of cotton-filled mats. Because of the close 
grouping of the temperatures of all of the slabs covered 
with the cotton-filled mats the data for the inter- 
mediate weights of mats have been omitted. It will 
be noted that the difference in temperature beneath 
the heaviest and the lightest mats at no time exceeded 
oA hs 
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| FrgurE 1.—VARIATIONS IN AIR TEMPERATURE AND CORRESPOND- 
ING TEMPERATURES OF SLABS WITH DIFFERENT PROTECTIVE 
COVERINGS. 

The observations made on December 8 and 9, 1933, 
were terminated by rain which began at about 5 a. m., 
but on the other two occasions the observations covered 
a full 24-hour period. 

Figure 4 shows a comparison between the tempera- 
ture cycles of the slabs covered with the lightest weight 
of cotton-filled mat, 2 inches of dry earth and dry 
double burlap during the same period as was shown in 
figure 2, the data being separated for clarity of 
presentation. 

A concrete pavement can acquire or lose heat in 
either of two directions. The lower surface is in 
intimate contact with the earth of the subgrade while 
the upper surface is ordinarily in direct contact with 
the air. The temperature of the subgrade undergoes 
annual and diurnal cycles of change similar to those of 
the air but of lesser magnitude. In the daily changes 
there is a considerable lag resulting from the low ther- 
mal conductivity of the pavement. The lag is evident 
in all of the data, the temperature of the subgrade 
rising to a maximum at about the time that the air 
temperature has fallen to its minimum value. 

If a protective cover for a pavement slab is to be 
effective in preventing freezing of the concrete during a 
sudden drop in air temperature, two conditions must 
obtain: First, the subgrade must have a temperature 
sufficiently above the freezing point of the concrete to 
provide a flow of heat from the subgrade to the slab; 
and second, the protective cover on the pavement must 
provide sufficient insulation to insure that the heat 
will not be dissipated from the slab surface more 
rapidly than it is received from the subgrade. It is 

‘apparent that the absolute amount of insulation 

231 
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Figure 4.—VARIATIONS IN AIR TEMPERATURE AND CORRESPOND- 
ING TEMPERATURES OF SLABS WITH DIFFERENT PROTECTIVE 
CovERINGS. 

required to accomplish this is not a constant but will 
depend upon the temperature differential existing 
between the two sides of the protective cover. 

In pavement construction it is not the usual practice 
to place concrete on frozen ground, during freezing 
weather, or even when freezing temperatures are 
anticipated. It is to guard against damage due to an 
overnight drop in air temperature, from a level of 
possibly 40° or 50° F. to one of 20° or 25° F. that 
protective covers are most often needed. Ordinarily 
the temperature of the subgrade is considerably above 
freezing, the difference between the air and pavement 
temperatures is not large (from an insulation require- 
ment standpoint at least) and the duration of the sub- 
freezing air temperature is not protracted. For these 
reasons the requirements for insulation efficiency are 
not severe. These facts are rather obvious but it is 
well to bear them in mind when examining the data 
shown in the accompanying figures. 

Probably the most striking indication of these data 
is that for overnight drops in temperature where a rise 
on the following day is to be expected, there is but little 
difference between the protection afforded by the 
lightest and heaviest of the cotton-filled mats. Both 
are apparently effective in holding the slab temperature 
near the temperature of the subgrade during the period 
of minimum air temperature. It is also indicated, as 
would be expected, that in case of a protracted period 
of subfreezing air temperatures neither mat would 
provide sufficient insulation to hold the temperature of 
the slab and of the subgrade above the freezing point. 

It is interesting to note the similarity of the temper- 
atures of the slabs covered with the cotton-filled mats 
with those of the slab covered with 4 inches of dry, 
loose, straw. Although the differences are small it will 
be noted that the straw cover is consistently more 
effective than the lightest weight mat and less effective 
than the heaviest mat. 
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Figure 5.—CompaRATIVE FLEXURAL STRENGTHS OF MorTAR 
SPECIMENS CURED UNDER BURLAP AND CotTron Mats. 

Figure 4 shows data obtained on January 15 and 16, 
1934, in addition to those shown in figure 2. These 
permit a comparison of the lightest weight cotton-filled 
mat, a covering of dry double burlap, and a 2-inch layer 
of earth which was practically dry. All of these cov- 
erings give some degree of protection, the lightest weight 
mat being the best of the three. It is apparent from 
figures 2 and 4 that 4 inches of dry loose straw is a 
better insulator than 2 inches of earth. The two sheets 
of dry burlap offer more protection than the earth and 
less than the cotton-filled mats. The burlap used was 
a good grade, rather heavy-weight material and was 
practically new. Being dry, there was a relatively 
large amount of entrapped air among the fibers. Had 
this air been replaced by moisture it is probable that 
the effectiveness of the burlap cover would have been 
greatly reduced. No data covering this point were 
obtained. 

These few tests do not provide a basis for definite 
conclusions but it is indicated that, for an overnight 
drop of air temperature to below 32° F., a considerable 
amount of protection against damage from freezing can 
be afforded a concrete paving slab by covering with a 
cotton-filled mat of relatively ight weight. 

SPECIMENS TESTED FOR STRENGTH AND MOISTURE LOSS 

In addition to the insulation tests, two series of tests 
were run to determine the flexural strength at 28 days 
of mortar specimens cured for 3 days under cotton mats 
of various thicknesses as compared to the strength of 
similar specimens cured for 3 days under a double 
thickness of burlap kept continuously wet. Measure- 
ments of the gain or loss in moisture of the specimens 
at the end of 3 days curing as compared to the original 
water content were also made. In one series the cot- 
ton mats were applied dry, while in the other they were 
thoroughly wet on one side and then applied with the 
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7 Sey Saat cs | 100 
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IN SPECIMENS 
co oO a 

40 
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Figure 6.—CompaRativE Moisture Contents or Mortar 
SPECIMENS AFTER 3 Days CurRING UNDER BURLAP AND CoTTon 
Mats. 

wet side in contact with the specimen. Wetting was 
done by means of a spray applied to one side of the 
mat continuously for 10 minutes. The test procedure 
was identical with that employed in the tests reported 
last year and was briefly as follows: 

The specimens were of 1:2 mortar, by weight, con- 
taining 14 percent water. They were cast in water- 
tight molds, 11 inches in length, 614 inches in width, 
and 2 inches in thickness. The burlap and cotton mats 
were applied about 2% hours after molding. At the 
end of 3 days the mats were removed and the specimens 
allowed to cure in the air of the laboratory until the age 
of 26 days, after which they were immersed in water for 
2 days and then tested for flexural strength. 

For each series, three rounds of tests were run so that 
each result as shown in figures 5 and 6 is the average 
of three determinations, except in the case of the burlap 
cured specimens where the values shown represent the 
average of 6 specimens, 3 for each series. 

DISCUSSION 

The chief purpose of these tests was to compare the 
curing efficiency of the thinner mats with the com para- 
tively heavy mats (3-ply and over) originally proposed 
for this purpose. Referring to figure 5 which shows the 
results of the strength tests, it will be observed that in 
all cases specimens cured with dry mats showed appre- 
ciably lower strengths at 28 days than those cured 
under the wet burlap. The average strength for all 
specimens cured under dry mats is roughly 88 percent 
of the strength of specimens cured by the standard 
method, which checks approximately the results previ- 
ously obtained. be. 

The reason for the lower strengths is, of course, the 
moisture loss suffered by the specimens during the 3-day 
curing period. These moisture losses, shown graphic- 
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ally in figure 6, average approximately 7 percent of the 
original water content. On the other hand, the speci- 
mens cured for 3 days under wet burlap showed an in- 
crease in moisture content of about 5 percent, indicating 
that water was taken up by the specimens during this 
period. It may be noted also that the very thin mat- 
designated A, seemed somewhat less effective in retain, 
ing water than the others. 

‘In the case of the mats which were thoroughly wet 
before application, the specimens developed an. average 
strength at 28 days approximately equal to that of speci- 
mens cured by the standard method. The thinnest mats 
(A and B) resulted in slightly lower strengths, while in 
the case of the thickest mats (EK and F) the strengths 
were slightly above the standard. The differences in 
strength, however, were not great and the apparent 
trend may be accidental. 

The only specimens to show any moisture loss under 
the wet-mat curing were those covered by the thinnest 
mat designated A. In all other cases the specimens 
showed a gain in moisture content, averaging about 2 
percent, or about 3 percent less than the standard bur- 
lap-cured specimens. Therefore, from the standpoint 
of the effect of moisture retention on strength, there is 
no reason to expect a higher strength for any of the 
specimens cured with wet mats than was shown by the 
burlap-cured specimens. 

The differences in strength shown by the specimens 
cured with wet mats, with the possible exception of the 
strength of those cured with mat A, are not thought to 

be significant. In this case of mat A a very small water 
loss was recorded. It is probable that if the two thin- 
nest mats, A and B, had been kept continuously wet 
during the 3-day curing period, strengths at least as 
high as the standard would have been obtained. 

In any event, the differences are not great enough to 
affect the conclusion that, within the limits of these 
tests, substantially the same results are obtained with 
the various thicknesses of cotton mats as with the wet 
burlap, provided the mats are wet when applied. 
However, it should be remembered that these tests 
were conducted in the laboratory and not under field 
conditions. Had the mats been subjected to the direct 
rays of the sun it 1s quite possible that the thinnest 
mats would have permitted a higher moisture loss than 
was noted in the laboratory. Under these conditions 
the strengths would probably have been lower than 
was shown by the tests. 

In view of this possibility, it is recommended that 
such mats be used only under the conditions specified 
for burlap; that is, kept continuously wet during the 
3-day curing period. 

With these limitations in mind, these tests substan- 
tiate the previously published conclusion to the effect 
that cotton mats of the thicknesses and weights shown, 
if wet once and applied with the wet side down, are as 
effective in curing as a double thickness of burlap kept 
wet continuously for 3 days and also that mats applied 
dry are less effective than either the wet mats or the 
burlap. 
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